To document and assess the current health impact of non-neoplastic lung disease (NNLD) in Canadian men and women that is attributable to smoking. DESIGN: Comparison of three recent studies providing estimates of smoking-attributable deaths, potential years of life lost, hospital separations and hospital days due to NNLD in Canada. Review of recent epidemiological studies providing relative risk estimates of smoking-attributable mortality and morbidity for chronic obstructive pulmonary disease and pneumonia, including a meta-analysis. MAIN RESULTS: Each year at least 6700 Canadian men and women die from NNLD attributable to smoking. Smoking-attributable NNLD deaths in men outnumber those in women by about 2 to 1. The majority of these deaths are due to chronic obstructive pulmonary disease, which is exceeded in importance as a smoking-attributable cause of death only by lung cancer and ischemic heart disease. NNLD accounts for about 20% of all smokingattributable deaths in Canada, 14% of the potential years of life lost due to smoking, and 22% and 25% of all smokingattributable hospital separations and hospital days, respectively. Long term follow-up assessments of large cohorts suggest that the impact of smoking on health has been underestimated. Recent studies also suggest that women may be more susceptible than men to the adverse effects of smoking on lung function. CONCLUSION: NNLD caused by smoking has an important health impact in Canada. Tobacco control strategies must be enhanced.
I
t is now well established that smoking is the most important preventable cause of premature mortality and morbidity in Canadian men and women (1, 2) , as it is in the populations of other developed countries (3, 4) . At least 33,000 Canadians die each year as a result of tobacco use, which also accounts for more than 200,000 hospital separations, three million hospital days and some $9.5 billion in costs from lost productivity and direct health care expenditures (2) . Despite this enormous health toll, smoking remains prevalent. Estimates from the National Population Health Survey conducted in 1994 indicate that 6.9 million Canadians, 31% of the population aged 15 years and over, smoke (5) . Further, rates of smoking among young Canadians, after some years of decline, have now plateaued (6) and may actually be increasing in some provinces, notably in Ontario (7, 8) .
The primary purpose of this paper is to document and assess current estimates of the health impact of smoking in Canada with regard to non-neoplastic lung disease (NNLD) and to point out some limitations of these data. As well, recent reports concerning long term epidemiological studies of the relationship of smoking to NNLD are reviewed, including a meta-analysis of relative risk estimates. Attention is drawn to recent studies that indicate the possibility that the lungs of women may be particularly susceptible to the adverse effects of tobacco smoke.
HEALTH IMPACT OF SMOKING DUE TO NNLD
Smoking-attributable mortality: Three studies provide estimates of the current mortality impact of tobacco use in Canadian men and women (Table 1) . Peto et al (4) , using relative risks of mortality derived from the American Cancer Society's second Cancer Prevention Study (9) , estimated that in 1990 there were more than 39,600 smoking-attributable deaths in Canada, of which almost 6800 were from NNLD. These smoking-attributable NNLD deaths included 74% of all deaths from chronic obstructive pulmonary disease (COPD) and 13% of all deaths due to other respiratory causes, that is, 42% of all respiratory disease deaths in that year. These investigators also projected mortality due to smoking to the year 1995, and estimated that in that year among Canadians there would be 45,718 deaths from all causes due to smoking, of which 8258 would be coded to NNLD.
Makomaski Illing and Kaiserman (1), using risk estimates from the same source, concluded that in 1991 there were more than 8100 NNLD deaths among Canadians attributable to smoking, out of a total of 41,408 smoking-attributable deaths. Most recently, Single et al (2) used mortality estimates derived from a meta-analysis of epidemiological studies conducted by English et al (10) , discussed further below. They concluded that in 1992 NNLD deaths in Canadians attributable to smoking exceeded 6700, out of a total estimate of more than 33,000 smoking-attributable deaths.
In all three estimates shown in Table 1 and in the projected 1995 estimate of Peto et al (4) , the vast majority of NNLD deaths were due to COPD (International Classification of Diseases, ninth revision [ICD-9] codes 490 to 496). In the context of smoking-attributable mortality in 1992, the number of COPD deaths (5815 deaths) was exceeded only by deaths from lung cancer (11, 805) and ischemic heart disease (6762) (2) . Also, in the three estimates shown in Table 1 , smoking-attributable deaths from NNLD in men outnumbered those in women by about 2 to 1. However, in the projected estimate of Peto et al (4) for 1995, the corresponding ratio was 1.5:1. In all four estimates NNLD accounted for 17% to 20% of all deaths attributable to smoking among Canadians. Premature mortality: Peto et al (4) estimated that 23% and 25% of smoking-attributable NNLD deaths in Canadian men and women, respectively, occurred before the age of 70, but they did not provide estimates of potential years of life lost (PYLL). Makomaski Illing and Kaiserman (1), however, estimated PYLL both before age 65 and age 75 years (Table 2) . More than 20,000 PYLL occur before the age of 75 years from NNLD attributable to smoking, with the loss being twice as great in men as in women. However, NNLD accounted for only 4% and 8% of all smoking-attributable PYLL before ages 65 and 75 years, respectively. Single et al (2) estimated that almost 71,000 years of life are lost from NNLD when men and women of all ages are considered, 14% of all smoking-attributable PYLL. Deaths in men accounted for 62% of this loss. Hospital morbidity: Estimates of hospital separations (hospital discharges or deaths among in-patients) and hospital days indicate that NNLD accounted for 22% and 25% of all smoking-attributable hospital separations and hospital days, respectively, in 1992 (Table 3 ). In all, about 46,000 hospital separations and more than 757,000 hospital days were due to NNLD caused by smoking. three studies reported estimates based on deaths in three consecutive years -1990, 1991 and 1992 -some differences in the estimates of smoking-attributable NNLD mortality would be expected. Also, as shown in Table 1 , the ICD rubrics used in deriving the mortality estimates were not consistent across the studies. Makomaski Illing and Kaiserman (1) and Single et al (2) used essentially the same rubrics (ICD-9 491, 492, 496, 480 to 487), except that the former included ICD-9 493, while the latter included ICD-9 490. However, in 1994 only 454 and 153 deaths in Canada were ascribed to these codes, respectively, so that the inclusion or exclusion of these codes made little difference to the resulting estimates. Rather, the difference in the estimates of smoking-attributable mortality obtained by Makomaski Illing and Kaiserman (1) and Single et al (2) was due primarily to the different relative risk estimates that were used, described above. In contrast, Peto et al (4) 
RISKS OF NNLD MORTALITY AND MORBIDITY ASSOCIATED WITH SMOKING Mortality:
A study by Canadian investigators was among the first to document the excess risk of mortality from NNLD in smokers compared with nonsmokers (11, 12) . In the final six-year follow-up study of some 78,000 male veterans, initiated in 1955 by the Department of National Health and Welfare (12), it was found that veterans with a lifetime history of smoking cigarettes had about 11 and eight times the risk of mortality from chronic bronchitis and emphysema, respectively, compared with nonsmokers. A dose-response relationship between the amount smoked daily and the risk of mortality was also observed. For pneumonia and influenza there was a small increase in relative risk (1.4). Since then, a host of epidemiological studies from many countries have confirmed the causal relationship between smoking and COPD in both men and women, as well as a small increase in the risk of mortality from pneumonia (13-17).
Doll et al (18) recently reported on a 40-year follow-up of mortality in relation to smoking in male British doctors. The annual death rate from COPD in current smokers was almost 13 times that experienced by men who had never smoked regularly, while among former smokers the rate was almost six times higher. A very strong relationship with amount smoked daily was found among current smokers. For pneumonia, a weak, but highly statistically significant relationship was observed, the annual death rate among current smokers being about twice that of men who had never smoked regularly. The authors noted that the increased risk of pneumonia was the same at all ages, possibly because of an increased risk associated with the presence of COPD.
Doll et al (18) concluded that their earlier 20-year followup (19) , like other studies of that time, had substantially underestimated the hazards of long term tobacco use. Thun et al (20) compared the mortality outcomes of 200,000 smokers and 480,000 lifelong nonsmokers in the two large American Cancer Society prospective studies, one dealing with the years 1959 to 1965 and the other with the years 1982 to 1986, and reached a similar conclusion. They found that among men, the mortality ratio of smokers compared with nonsmokers for COPD increased between the first and second study from 9.3 (95% CI 6.6 to 12.9) to 11.7 (95% CI 9.1 to 15.0), while the corresponding figures for women were 6. (21) , in a population-based prevalence study of residents in urban (Winnipeg) and rural (Portage la Prairie) communities of Manitoba conducted more than two decades ago, showed that both men and women who smoked experienced excess cough, phlegm, wheeze, breathlessness and reduced lung function. The adverse effects of smoking on the respiratory health of young people, including effects on respiratory symptoms, lung function and respiratory morbidity, have also been documented in numerous studies, as summarized and highlighted in a 1994 report from the United States Surgeon General (22) . Several studies published in this decade provide data indicating that women may be more susceptible to the detrimental effects of smoking on pulmonary function than men. Chen et al (23) , in a population-based study of 1149 adults in a rural community in Saskatchewan, examined the interaction between sex and smoking habits on pulmonary function. They found that cigarette smoking was more detrimental to the lung function of women than to that of men. Specifically, in multivariate analyses it was shown that the regressions of forced expiratory volume in 1 s (FEV 1 ) and maximum midexpiratory flow rate decreased, and that the regression of phase III of the single-breath nitrogen test (D nitrogen/L) increased with increasing pack-years more rapidly in women than in men. Xu et al (24) , in a multivariate analysis of sex differences in the effects of smoking on pulmonary function in adult men and women who participated in the Beijing Respiratory Health Study, also showed that the adverse effects of smoking on pulmonary function were greater in women than in men. Kanner et al (25) attributed the higher prevalence of airway hyperresponsiveness found in smoking women enrolled in the Lung Health Study to their smaller airway calibre in comparison with their male counterparts. Paoletti et al (26) , in a study that took account of initial airway calibre in assessing the independent effects of age, sex and smoking on bronchial responsiveness, also showed that the airways of females were more susceptible to cigarette smoke than were those of males.
Recently, Gold et al (27) , in a study of the effects of cigarette smoking on the level and rate of growth of pulmonary function in large cohorts of adolescent boys and girls, demonstrated that the growth of lung function in association with smoking was more severely affected in the girls. This finding is particularly worrisome in the context of the ages at which adolescent girls and boys begin to smoke. In the 1994 Canadian Youth Smoking Survey (6) it was found that although the rates of beginning to smoke were similar in boys and girls ages 10 to 12 years (4% in each), by ages 13 to 14 years this rate was significantly higher than girls (15%) compared with boys (9%). Girls may not only be more susceptible to the adverse effects of smoking, but they appear to be getting a 'head start' on this addiction. While sex differences in susceptibility to the smokinginduced changes in lung function require more study, particularly with regard to underlying biological mechanisms, the primal importance of smoking cessation in reducing the age-related decline in FEV 1 in smokers with mild obstructive pulmonary disease is beyond dispute (17, (28) (29) (30) (31) . It has been demonstrated in a randomized clinical trial that an aggressive smoking intervention program significantly reduces the agerelated decline in FEV 1 in middle-aged smokers with mild airway obstruction and that the effects of smoking cessation were much more important than those realized from bronchodilation therapy (32) . Combined risk estimates: As noted earlier, English et al (10) recently conducted a meta-analysis of relative risk estimates for a wide range of conditions associated with smoking. In a comprehensive review of the literature they identified three cohort studies and two case-control studies concerning COPD (in four of which mortality was the outcome measure), and four cohort studies (in three of which mortality was the outcome measure) concerning pneumonia that met predetermined criteria for inclusion. Their pooled risks for these conditions, shown in Table 4 , are compared with the mortality estimates of Doll et al (18) , which appeared subsequently. For COPD both estimates indicate a very strong relationship between smoking and COPD, an effect that persists in exsmokers. They concluded that the evidence of causality was 'sufficient', in that chance, confounding and other bias could be ruled out with reasonable confidence using well-established criteria such as statistical significance and power, time order, strength of association, specificity of effect and/or cause, consistency on replication, predictive performance, and theoretical, biological, factual and statistical coherence. For pneumonia the effect is much weaker, but as Doll et al (18) pointed out, it is of some importance because of the substantial number of deaths that are attributed to this cause. English et al (10) considered the evidence of causation to be "limited". Although an association has been found that was credible, chance, confounding or other bias could not be ruled out with reasonable confidence. By applying these relative risk fractions to the prevalence of smoking in the Australian population, they estimated that 82% and 76% of COPD in men and women, respectively, in that country, can be attributed to smoking. The corresponding estimates for pneumonia were 19% and 14%. When these relative risks were applied to the prevalence of smoking in Canadian men and women, similar estimates were obtained (2) .
DISCUSSION
These estimates of smoking-attributable mortality have limitations because the parameters measured are by no means comprehensive. The estimates, therefore, are considered to be conservative (1, 2, 4) . No account is taken, for example, of the direct health care impact of morbidity and disability not requiring hospitalization. Although life lost due to premature mortality was considered, composite measures of health impact, such as the sum of the years of life lost because of premature mortality and years of life lived with disability, adjusted for the severity of disability (DALYs), were not estimated. As well, with regard to NNLD specifically, the health impact of passive smoking was not considered. In children, a causal association has now been established between exposure to environmental tobacco smoke (ETS) and lower respiratory infections such as bronchitis and pneumonia; and between ETS and upper respiratory tract irritation. There is also a small but significant reduction in lung function, and additional episodes and increased severity of symptoms in children with asthma exposed to ETS (33) . Further, the health impact of ETS exposure in children, in terms of mortality and morbidity, is by no means trivial. Based on a comprehensive review and meta-analysis of the literature, DiFranza and Lew (34) estimated that, in the United States each year, 136 to 212 deaths from lower respiratory tract illnesses, 529,000 physician visits for asthma, 1.3 to 2 million visits to physicians for coughs, and in children younger than 5 years of age, 260,000 to 436,000 episodes of bronchitis and 115,000 to 190,000 episodes of pneumonia were attributable to smoking by others. Among adults, including young adults, the adverse health effects of ETS exposure, including reduced lung function, increased cough and phlegm production, and chest discomfort, have also been documented (33, (35) (36) (37) (38) (39) , but estimates of the health impact are not available.
Despite these limitations, the evidence reviewed in this paper makes it clear that smoking-attributable NNLD in the Canadian population not only has a substantial health impact in its own right, but it also is an important component of overall smoking-attributable mortality and morbidity.
The importance of smoking as a preventable risk factor for a wide array of adverse health outcomes has been recently emphasized in this journal (40) and elsewhere (41) . The urgency of addressing smoking in both clinical and public health contexts is evident. Clinicians play important roles in all aspects of the comprehensive tobacco control strategy that has been adopted in Canada (42) , from counselling and other interventions in clinical settings to political advocacy (40) . Their roles in the context of smoking cessation are well documented, and clinical practice guidelines have recently been published (43) (44) (45) . Recent policy statements have also emphasized the role of physicians with regard to the protection of nonsmokers, in particular children, from the effects of ETS (43, 44, 46) and the prevention of smoking in persons who have not started to smoke, mainly young people (43, 44, 47) . Programs to increase the effectiveness of Canadian physicians' actions are underway (48) and are being adopted in clinical practice (49) . Nonetheless, recent unpublished survey data suggest that the actual practices of Canadian physicians in the contexts of prevention, protection and cessation are still far from ideal (personal communication). Barriers to the performance of clinical roles, including frustration about the efficacy of counselling, time constraints, unavailability of materials and procedures, and lack of training, were also identified (50, personal communication). As well, misunderstanding about the right to bill for clinical tobacco interventions may limit physician involvement. For example, only 32% of Canadian family physicians surveyed believed they could bill their health plans for providing smoking-cessation counselling to patients with no smoking-related illness, while, in fact, all provinces and territories except British Columbia and Alberta have billing codes for clinical tobacco interventions, which include counselling (50) .
While there is some evidence that the tobacco-related epidemic of disease and death in Canada is beginning to plateau, at least among men ages 35 to 69 years (4), on a global level the full impact of the tobacco epidemic is still to be experienced. Evidence from the Global Burden of Disease Study (51) indicates that by the year 2020 tobacco will be the leading cause of DALYs, accounting for 9% of the total burden worldwide, as well as for 8.4 million deaths annually. It is imperative to enhance tobacco control strategies, not only in Canada, but worldwide.
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